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Description 

BACKGROUND OF THE INVENTION 

[0001] The invention concerns a lightning arrester ar- 
rangement for mounting in a windmill blade of composite 
material, said arrangement consisting of an electrically- 
conducting material being connected to an earth con- 
nection, and the said connection comprising a metallic 
conductor which extends inside the blade, and which 
wholly or partly consists of a metal wire. 
[0002] A number of known techniques are used in the 
normal protection of constructions against lightning. The 
most used technique comprises an earthed cage 
around the construction it is desired to protect. In a more 
simplified form, the lightning arrester can be reduced to 
an earthed conductor which extends over the highest 
part of the construction, and said conductor can possibly 
be provided with one or more vertical projections. 
[0003] A traditional lightning arrester of this type is, 
however, difficult to establish on, for example, a wind- 
mill, where the highest point is the blade, which from the 
point of view of security is desired to be protected 
against a stroke of lightning. The technique is compli- 
cated in comparison with stationary constructions, in 
that the part of the construction which it is desired to 
protect is movable. This means that a possible stroke of 
lightning is not so well-defined or predictable, and it is 
herewith difficult to prevent or to lead away. Moreover, 
in connection with windmill blades struck by lightning, 
there is a great risk that the blade will suffer damage. 
This necessitates timeconsuming repairs, in that a pos- 
sible replacement or repair of a windmill blade is com- 
plicated. 

[0004] In connection with composite materials, of 
which windmill blades are typically made, lightning con- 
ductor arrangements are known in the form of metal foil 
or wire laminated into or affixed by adhesive to the 
blade. Such lightning arrester arrangements are most 
often based on conductors which are placed on or in the 
surface of the blade. Normally, it is thus the intention to 
create a metallic net around the inner structure of the 
blade in order to create a combined longitudinal light- 
ning arrester and conductor along the rear edge of the 
blade. However, it is common to all these arrangements 
that it is difficult to achieve the necessary cross-section- 
al area without hereby giving rise to undesired aerody- 
namic effects, for example in the form of noise and/or 
reduced efficiency. Furthermore, it can prove problem- 
atic to get a metallic material to maintain the level of ten- 
sion in a blade of composite material, in that the level of 
tension in a blade of composite material will normally be 
higher than the permissible fatigue influence for a me- 
tallic material, and it will therefore require special ar- 
rangements to avoid fatigue cracks. Without the neces- 
sary cross-sectional area, it can be necessary to repair 
the lightning arrester arrangement after influence by 
lightning. 



[0005] WO 84/01673 describes an overvoltage pro- 
tector in a wind mill having a vertical axis of rotation. The 
overvoltage protector of this windmill is making use of 
the very great reduction of electrical potentials that oc- 
5 .curs when the electrical potentials are discharged as a 
spark. The windmill blades and the axle to which the 
blades are attached are provided with a moving part in 
the shape of a disc having projections rotating around 
a ring, which ring is attached to the rest of the construc- 
ts tion of the windmill. Between the projections of the disc 
and the ring a small discharge gap is provided. When 
overvoltage in the form of a lightning strikes the windmill 
blades or the axle to which they are attached the elec- 
trical potentials will try to neutralize by seeking towards 
15 the ground through the rest of the construction of the 
windmill. In doing so the electrical potential has to pass 
the discharge gap between the projection of the disc and 
the ring attached to the rest of the windmill. When pass- 
ing the discharge gap as a spark the electrical potential 
20 is reduced to a value that eliminates any destruction of 
further parts of the rest of the construction of the wind- 
mills or any persons in the vicinity of the rest of the con- 
struction of the windmill. 

[0006] The overvoltage protector of this kind has the 

25 advantage of being very simple to produce. However, 
due to the fact that the discharge of the electrical poten- 
tial is by means of a spark running in a discharge gap 
then the certainty of the electrical potential being re- 
duced is somewhat limited. If the overvoltage is of a re- 

30 duced value then a spark may not project at all in the 
discharge gap and accordingly it will be dangerous to 
be in vicinity of the windmill blades or the axle to which 
they are attached. This may be extremely dangerous if 
personnel is entering the rest of the construction of the 

35 windmill in order to service the windmill. On the other 
hand, if the overvoltage is of an extremely high value 
then the spark running in the discharge gap may be very 
big or there may be many sparks running through the 
gap. This may cause either an extreme risk of fire getting 

40 started in the rest of the windmill or an extremely over- 
heating of the bearings or other parts of the windmill may 
occur. It will not be possible to regulate the discharge 
gap so that all kinds of possible lightnings will be trans- 
mitted through the gap without the above-mentioned 

45 risks of either no spark running at all and thereby main- 
taining the windmill blades and the axle electrically 
charged compared to the rest of the windmill, or the risk 
of several sparks running in the gap causing overheat- 
ing or fire. Furthermore, if the windmill blades are made 

50 of a resin material then severe damages may occur to 
the windmill blades, because they are the ones to con- 
duct the electrical potential to the projection of the disc. 
[0007] DE 44 45 899 describes a lightning arrester 
which overcomes the last mentioned disadvantage of 

55 the above-mentioned prior art. A number of conductive 
wires run along the inside of the windmill blades. The 
conductive wires mount into the rotational axle of the 
windmill blades, and to a disc rotating along with the ax- 
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le. From the disc the overvoltage is conducted to a plate 
mounted underneath the head of the windmill. The plate 
is electrically insulated from the head of the windmill. 
From this plate the overvoltage is led to a discharge gap 
between the plate and the windmill tower. The contact 5 
between the disc rotating with the axle of the windmill 
blades and the plate is obtained by the disc sliding along 
a curvature provided in the plate. 
[0008] This technique has the same disadvantages 
as the above-mentioned prior art, apart from the fact that 10 
the windmill blades themselves are not conducting the 
electrical potential, as this is done by the number of con- 
ductive wires. However, it is necessary for the electrical 
potential from the lightning to enter from the surface of 
the blades to the interior, where the conductive wires is 
are running. Accordingly, there may still occur some 
damage of the windmill blades. Also, the fact of having 
conductive wires running in the blades highly increases 
the risk of lightning striking the blades. However, apart 
from the disadvantages of having a discharge gap pro- 20 
vided in order to reduce the value of the electrical po- 
tential then the fact that the electrical potential has to be 
guided from the disc to the plate through the curvature 
involves a further risk of malfunction. When the disc ro- 
tates with its edge along the curvature of the plate an 25 
extremely high degree of wear will occur. This means 
that the contact between the edge of the disc and the 
curvature of the plate will be reduced and perhaps in 
time being non-existent due to excessive wear. This 
means that the specific construction of the contact be- 30 
tween the edge of the disc and the curvature of the plate 
must be serviced very often. If not properly there will be 
no prediction of how the lightning arrester of this con- 
struction will function or if it will function at all. 
[0009] Experiences from strokes of lightning in wind- 35 
mill blades with rotatable tips have moreover shown that 
the lightning conduction normally extends through the 
wires which regulate the tip, since these are connected 
to earth. 

[001 0] However, this type of lightning arrester embod- *o 
iment is encumbered with a great uncertainty and secu- 
rity risk, the reason being that the metal parts are not 
always directly accessible for the lightning current. 
[0011] Where composite materials are involved, such 
as carbon fibre as construction material for tip axles on 45 
which the tip can rotate, the lightning will not be able to 
pass through without the material being heated to such 
a degree that a risk arises of damage to the blade. 

Advantages of the invention so 

[0012] With an arrangement disclosed in the charac- 
terizing part of claim 1 , a hitherto-unknown secure light- 
ning protection of a windmill blade is achieved without 
the risk of the windmill blade itself being damaged by 55 
the lightning. By letting the connection between the out- 
wardly extending conductor(s) in the tip and earth com- 
prise the metallic conductor which extends inside the 



blade with or without insulating cladding, there will in a 
secure way be obtained a well-defined stroke of light- 
ning in the outwardly extending conductors), thereby 
making it possible to lead it away through the inner con- 
nection to the earth. 

[0013] It has thus shown that strokes of lightning, 
which most often occur at the tip of the blade, will be 
conducted to earth through the wire. By hereby allowing 
the inner conductor to extend inside the blade, disad- 
vantages from the point of view of blade strength and of 
an aerodynamic and acoustic nature are avoided. 
[0014] Moreover, for blades having a rotatable tip the 
wire will contribute towards the safe securing of the 
blade's tip to the blade. 

[0015] With blades having a rotatable tip, where as 
disclosed in claim 2 a tip axle of composite material is 
used, it is expedient to make the axle hollow and to let 
the inner conductor extend inside the cavity. In a sur- 
prisingly simple manner, the lightning is conducted 
through the axle without any risk of the axle or its sur- 
roundings being influenced by heat, and therefore there 
is no need for other electrical conductors which can lead 
the current around the axle. 

[001 6] As disclosed in claim 3, by letting the inner con- 
d uctor consist wholly or partly of an electrically-conduct- 
ing tip axle, it is achieved that the lightning arrester ar- 
rangement can be used for known systems with metal 
tip axles without any great reconstruction and adapta- 
tion of the technique. 

[0017] Finally, as disclosed in claim 4, it is expedient 
to be able to subsequently mount the lightning arrester 
on blades with rotatable tips, and with metallic tip axles, 
by connecting the tip axle to a metal wire which is mount- 
ed inside the blade and earthed. 

The drawing 

[0018] In the following section, example embodi- 
ments of the invention will be described in more detail 
with reference to the drawing, where 

fig. 1 shows a known windmill with rotatable tips, 

fig. 2 shows an embodiment of a blade with fixed 
tip, 

fig. 3 shows a cross-section of the blade seen in the 
direction Ill-Ill in fig. 2, 

fig. 4 shows a further embodiment of a blade with 
rotatable tip, and 

fig. 5 shows yet a further embodiment of a blade 
with rotatable tip. 

Description of the example embodiments 

[0019] In fig. 1 is seen an ordinary windmill, where the 
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windmill blades 1 are suspended in a mill hub 3, which 
in turn is anchored on a tower 2. 
[0020] In fig. 2 is seen an embodiment according to 
the invention, where two lightning conductors 4a, 4b t 
which consist of an electrically-conducting material, are 5 
connected to an inner conductor 6 consisting of a steel 
wire. The inner conductor 6 is anchored to and electri- 
cally connected with the mill hub 3 (not shown. In the 
shown embodiment, there are mounted two lightning 
conductors 4a and 4b which project out from the tip of 10 
the windmill blade 1 . 

[0021] In fig. 3 is seen a cross-section of the windmill 
blade 1 in fig. 2 seen in the direction Ill-Ill, where the 
inner conductor 6 is seen to extend in the vicinity of the 
neutral axis of the blade. 15 
[0022] The two lightning conductors 4a, 4b placed at 
the tip of the blade 1 will be sufficient to protect the whole 
of the windmill blade 1 , in that experience has shown 
that lightning most often strikes at the tip of the blade. 
When the blade is struck, the lightning will thus flow from 20 
the lightning conductors 4a, 4b via the inner conductor 
6 towards the mill hub 3 (not shown) . From the mill hub 
3 the lightning will be conducted further towards earth. 
The result of the inner conductor 6 being thus placed is 
that the blade will retain its original strength and dynamic 25 
characteristics, combined with an effective earthing of 
the lightning. 

[0023] In fig. 4 is seen a further embodiment for a 
blade with rotatable tip 1 ' which is arranged on a tip axle 
10 of composite material. A lightning conductor 4* con- zo 
sisting of a metal rod extends to form a point towards its 
rear edge. The lightning conductor 4' is connected via a 
hole 8 and a terminal 9 to a blade tip 1' with an inner 
conductor. The inner conductor 6 extends towards the 
hub of the mill inside a cavity in the tip axle 10, said tip 35 
axle 10 being secured in the blade 1. The tip axle 10 is 
connected by a terminal 14 to a guide 11 by means of a 
lock-washer 13 and a nut 12, and said guide 11 is con- 
nected with a steel wire 6 indicated by a stippled line to 
the mill hub and from here to earth. *o 
[0024] The actual earthing of the lightning with the 
embodiment shown in fig. 4 will take place in exactly the 
same way as the system shown in fig. 2, in that the light- 
ning will flow from the lightning conductor 4' via the inner 
conductor 6 in towards an earth connection at the root *s 
of the blade. There is hereby ensured a permanent and 
effective electrical conduction of the lightning to earth, 
and the lightning can be transferred without any damage 
to either the tip or its suspension or the rest of the blade. 
[0025] The streamlined configuration of the lightning so 
conductor 4' contributes towards giving the blade a fur- 
ther advantage, in that a blade 1 configured with this 
streamlined lightning conductor in the tip of the blade 
gives the blade an improved efficiency and a smaller 
emission of noise. 55 
[0026] The inner conductor 6 also serves to secure 
the rotatable tip 1' to the blade 1 itself. 
[0027] In connection with the protection of a windmill 



blade 1 with rotatable tip V, the invention is particularly 
advantageous in that the protection is implemented in 
the tip 1 ' of the blade, and in that the earthing takes place 
via an inner conductor 6 which extends inside the tip 
axle 10. A possible stroke of lightning can thus be 
earthed by the inner conductor 6, regardless of whether 
or not the rotatable tip 1' is rotated. 
[0028] In fig. 5 is seen a further embodiment for a 
blade with rotatable tip. A lightning conductor 4" is 
mounted in the tip of a rotatable blade tip V which is 
provided with a guide tube 18 which is connected to a 
tip axle 15, these parts preferably being made of stain- 
less steel. 

[O029] The tip axle 1 5 is secured to the blade 1 , in that 
it is provided with a pair of brackets 16 laminated into 
the blade. 

[0030] An inner conductor 6, consisting oF a stainless 
steel wire, is connected to the tip axle 15 by means of 
a clamp 1 7, and extends in towards the anchoring of the 
windmill blade for earthing. 

[0031] The shown embodiment is particularly advan- 
tageous in connection with the subsequent mounting of 
a lightning arrester on a windmill blade 1 , in that the ex- 
isting installations can easily be utilized or replaced. 
[0032] The lightning conductor 4" itself can thus easily 
be mounted, in that this merely requires to be mounted 
instead of a closing plug which sits in the same place 
on an existing blade. 



Claims 

1. Lightning arrester arrangement for mounting in a 
windmill blade of composite material, said arrange- 
ment consisting of an electrically-conducting mate- 
rial being connected to an earth connection, and the 
said connection comprising a metallic conductor (6, 
1 5) which extends inside the blade (1 , 1 '), and which 
wholly or partly consists of a metal wire, character- 
ized in that the lightning arrester comprises at least 
one conductor (4a, 4b, 4', 4") arranged in or in the 
vicinity of the tip of the blade and extending from 
the tip of the windmill blade and outwardly, and that 
the outwardly extending conductors are electrically 
connected to the metallic conductor (6) extending 
inside the blade with or without a cladding of insu- 
lation. 

2. Lightning arrester arrangement according to claim 
1 , where the blade is provided with a rotatable tip 
which is mounted on a tip axle, characterized In 
that the tip axle (10) is made of a composite material 
and configured with a through-going cavity, and that 
the inner conductor (6) extends inside this cavity. 

3. Lightning arrester arrangement according to claim 
1 , characterized in that the tip axle (15) is made of 
an electrically-conducting metal which functions as 
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the inner conductor. 

4. Lightning arrester arrangement according to claim 
3, characterized in that the tip axle (15), upon sub- 
sequent mounting of the lightning arrester, is con- s 
nected to a metal wire (6) which is inserted inside 
the blade (1) and functions as the inner conductor. 



Patentanspruche 10 

1. Blitzableiteranordnung zur Anbringung in einem 
Windradblatt aus Verbund mate rial, wobei die An- 
ordnung ein elektrisch leitendes Material aufweist, 
wobei das Material mit einer Erdverbindung verbun- is 
den ist und wobei die Verbindung einen metalli- 
schen Leiter(6, 15) aufweist, dersich innerhalbdes 
Blattes (1,1') erstreckt und der ganz oder teilweise 
aus einem Metalldraht besteht, dadurch gekenn- 
zeichnet, daB der Blitzableiter mindestens einen 20 
Leiter (4a, 4b, 4*, 4 W ) aufweist, der in oder in der Na- 

he der Spitze des Blattes angebracht ist, und der 
sich von der Spitze des Windradblattes und nach 
auBen erstreckt, und da3 die sich nach auBen er- 
streckenden Leiter elektrisch mit dem metallischen 25 
Leiter (6) verbunden sind, der sich in dem Blatt mit 
oder ohne Isolationsummantelung erstreckt. 

2. Blitzableiteranordnung nach Anspruch 1 , wobei das 
Blatt mit einer drehbaren Spitze versehen ist, die 30 
auf einer Spitzenachse angebracht ist, dadurch ge- 
kennzeichnet, daB die Spitzenachse (10) aus ei- 
nem Verbundmaterial hergestellt und mit einer 
durchgehenden Aushohlung ausgestaltet ist und 
daB sich der innere Leiter (6) innerhalb dieser Aus- 35 
hohlung erstreckt. 

3. Blitzableiteranordnung nach Anspruch 1, dadurch 
gekennzeichnet, daB die Spitzenachse (15) aus ei- 
nem elektrisch leitenden Metall hergestellt ist, das 
als der innere Leiter wirkt. 

4. Blitzableiteranordnung nach Anspruch 3, dadurch 
gekennzeichnet, daB die Spitzenachse (15) nach 
anschlieBender Anbringung des Blitzableiters mit *s 
einem Metalldraht (6) verbunden wird, der in das 
Blatt (1) eingefugt wird und als der innere Leiter 
wirkt. 



Revendications 

1. Dispositif de paratonnerre pour le montage dans 
une pale d'eolienne de materiaux composites, ledit 
dispositif comprenant une matiere conductrice 55 
d'electricite etant liee a une prise de terre, et ladite 
prise comprenant un conducteur metallique (6, 15) 
s'etendant a I'interieur de la pale (1, V) et se com- 



posant entierement ou partiellement d'un fil metal- 
lique, caracterise en ce que le paratonnerre com- 
prend au moins un conducteur (4a, 4b, 4\ 4") situe 
dans ou pres de la pointe de la pale et s'etendant 
de la pointe de la pale d'eolienne et vers rexterieur, 
et que les conducteurs s'etendant vers I'exterieur 
sont relies electriquement au conducteur metalli- 
que (6) s'etendant a I'interieur de la pale avec ou 
sans revetement isolant. 

2. Dispositif de paratonnerre selon la revendication 1 , 
la pale etant prevue d'une pointe rotative qui est 
montee sur un arbre de pointe, caracterise en ce 
que I'arbre de pointe (10) est fabrique dans une ma- 
tiere composite et prevu d'une cavite traversante et 
que le conducteur interieur (6) s'etend a I'interieur 
de la cavite. 

3. Dispositif de paratonnerre selon la revendication 1 , 
caracterise en ce que I'arbre de pointe (15) est fa- 
brique dans un metal conducteur d'electricite qui 
fonctionne comme le conducteur interieur. 

4. Dispositif de paratonnerre selon la revendication 3, 
caracterise en ce que Tarbre de pointe (15) apres 
le montage subs6quent du paratonnerre, est relie a 
un fil metallique (6) qui est insere a I'interieur de la 
pale (1) et qui fonctionne comme le conducteur in- 
terieur. 
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